Theoretical calculations are performed for the X 2 E 2 Љ and Ã 2 E 3 Љ states of the cycloheptatrienyl ͑tropyl͒ radical C 7 H 7 . An important goal of these calculations is to predict and to guide the analysis of the experimentally observed Ã 2 E 3 Љ-X 2 E 2 Љ electronic spectrum. Vibrational frequencies of the tropyl radical at the conical intersection and stationary points of its X and Ã state Jahn-Teller distorted potential energy surfaces are given. Spectroscopically obtainable parameters describing the Jahn-Teller effect are calculated for the X and Ã electronic states. Additionally, the stabilization energies for the X and Ã states are computed at the CASSCF͑7,7͒ and EOMEA-CCSD levels of theory using various basis sets.
I. INTRODUCTION
The tropyl radical is a well-known constituent of organometallic compounds 1 and has been proposed to be a possible intermediate in the ring-opening sequence of gas-phase isomerization reactions of the benzyl radical. 2, 3 Tropyl radical and its cation have also been a keen target of experimentalists and theoreticians for nearly half a century due to their unique characteristics and chemistry. The neutral tropyl radical is the next member of the homologous series C n H n cyclic aromatic hydrocarbons, the cyclopentadienyl radical 4, 5 ͑C 5 H 5 ͒ and the benzene cation 6 ͑C 6 H 6 + ͒, beyond those that we have previously investigated. While in the previous work only the ground electronic state of either C 5 H 5 ͑with symmetry 2 E 1 Љ͒ or C 6 H 6 + ͑E 1g ͒ is subject to Jahn-Teller distortion, both the ground ͑ 2 E 2 Љ͒ and first excited ͑ 2 E 3 Љ͒ electronic states of C 7 H 7 involved in the present study suffer from the JahnTeller effect. Hence, understanding the molecular bonding and electronic structure of the tropyl radical in its X and Ã electronic states becomes a challenging task.
There have been no ab initio calculations reported that provide a complete set of parameters necessary for the JahnTeller spectral analysis of the vibronic structure of the ground and first excited electronic states of C 7 H 7 . Nonetheless, several calculations have been performed beginning with the early semiempirical molecular orbital calculations ͑in D 7h symmetry͒ by Longuet-Higgins and McEwen 7 which predicted the transition energies for a number of excited electronic states of tropyl. After a hiatus of nearly 30 years, more sophisticated computations were conducted in the late 1990s by Smith and Hall 8 and Lee and Wright. 9 The former workers calculated the ionization energy and heat of formation of tropyl. The latter performed ab initio molecular orbital and density functional theory calculations on the molecule, and found that tropyl has a C 2v equilibrium geometry in its X 2 B 1 electronic state. The corresponding harmonic vibrational frequencies and calculated geometric parameters of tropyl were also reported as well as its first adiabatic and vertical ionization energies. Later in conjunction with experimental studies, Pino et al. 2 computed for tropyl the optimized geometries of the Jahn-Teller-split configurations and their stabilization energies in the X 2 E 2 Љ and Ã 2 E 3 Љ electronic states, calculated the harmonic frequencies of the JahnTeller-split configurations of its X electronic state, and calculated the lowest adiabatic excitation energy. The experimental investigation of the X 2 E 2 Љ state of tropyl began in the early 1960s with the application of electron spin resonance spectroscopy. 10 After nearly 30 years, Gunion et al. 11 studied the X state of tropyl with photoelectron spectroscopy and only recently the molecule's gas-phase IR absorption spectra were recorded. 12 While these studies were pioneering, no Jahn-Teller analysis describing the JahnTeller distortion in the X 2 E 2 Љ state was pursued.
The experimental investigation of the Ã 2 E 3 Љ-state vibronic structure began in the early 1960s by Thrush and Zwolenik 13 who observed the Ã -X electronic absorption spectrum of tropyl in the visible. Other spectroscopic studies that followed utilized the ͓2+1͔ 3 -and ͓1+1͔ 2 -resonance enhanced multiphoton ionization ͑REMPI͒ techniques applied in the visible and near-UV energy region, respectively. While these efforts were pioneering, little light has been shed on the Jahn-Teller effect in the X state.
In the succeeding paper, 14 hereafter called Part II, we report and analyze newly acquired spectral results for the tropyl radical. For the first time, the laser induced fluorescence spectrum of the Ã -X transition has been recorded which complements the REMPI spectra characterizing the Ã state. In addition, the wavelength-resolved emission spectra from different vibronic levels of the Ã state have been recorded providing a detailed map of the X -state vibronic structure. These spectra have very complex vibronic structure and require the aid of ab initio calculations for a proper interpretation. Since previous work did not determine a complete set of Jahn-Teller parameters, we have undertaken a series of thorough calculations for the tropyl radical with the explicit goal of predicting molecular parameters to guide the spectral analysis. Past works [4] [5] [6] 15, 16 have outlined approaches to apply the results of ab initio calculations to the analysis of the experimental spectra of Jahn-Teller active molecules. In this paper we apply these approaches for the presently observed, quite complicated, spectra of tropyl.
Experimentally observed electronic spectra reveal not only Jahn-Teller active vibrations but also transitions to totally symmetric fundamentals, overtones, and the like. The data in Part II involve emission spectra from several different Ã -state vibronic levels. These complementary spectra help assign the X -state vibronic levels, but only if the Ã -state vibronic assignments are known. Therefore we have performed calculations that help assign the Ã -state levels, as well as those of the X state.
The remainder of this paper is arranged as follows. The Hamiltonian used to interpret the spectroscopic results is briefly reviewed. The molecular parameters contained therein are explicitly related to topographic features of the potential energy surface ͑PES͒ obtainable at various points from the ab initio calculations. Results from several calculations for the Ã and X states are given. The ab initio results are then used to predict specific molecular parameters relevant to the spectral analysis. Finally, the various computational results are compared and discussed, particularly with respect to their consistency, as applied in the spectral analysis. Part II contains the complete analysis of the spectra, using these calculations as a foundation.
II. THE TROPYL POTENTIAL ENERGY SURFACE AND JAHN-TELLER EFFECTS

A. General features
The effect of the linear Jahn-Teller ͑JT͒ distortion on the PES of tropyl is illustrated in Fig. 1 with Fig. 2 illustrating a cross section or cut through the PES. In D 7h symmetry ͑which corresponds to the point labeled X 0 in Fig. 2͒ , the X ͑or Ã ͒ state is electronically doubly degenerate. The JahnTeller theorem dictates that the degeneracy at the conical intersection of the X -state ͑or Ã -state͒ PES will be removed by a suitable molecular distortion along two orthogonal coordinates, 17 which are denoted by Q a and Q b in Fig. 1 . ͑See also Ref. 18 .͒ These may be expressed as
where JT is the ordinate of Fig. 2 and JT is the angle indicating the position around the moat of Fig. 1 .
The goals of the present theoretical study are to determine, for the X and Ã states of tropyl, ͑i͒ the total linear Jahn-Teller stabilization T , which is defined as the energy difference between X 0 and X min in Fig. 2 , and ͑ii͒ the geometries X 0 and X min in Fig. 2 . In this work we conduct theoretical calculations for the X and Ã states of C 7 H 7 with the express purpose of acquiring good initial estimates of the PES characteristics for these states. In Part II we use the experimental information to refine the PESs, applying the methodology followed in Refs. 4 and 6, with some approximations, to the vibronic structure of the C 7 H 7 radical in its X and Ã states.
Specifically, information from theoretical calculations is required at both points X 0 and X min ͑in Fig. 2͒ for the X and FIG. 1. ͑Color online͒ Plot of the X -state ͑or Ã -state͒ PES of the tropyl radical, where E is energy and Q a and Q b are the unique directions that lift the degeneracy present at the D 7h geometry.
FIG. 2.
Slice through the X -state potential ͑or the Ã -state potential͒ at an arbitrary angle around the moat ͑shown in Fig. 1͒ . The point X 0 defines the geometry of the symmetric D 7h ͑conical intersection͒ point on the X -state PES ͑or the Ã -state PES͒, and X min is the global-minimum geometry on the X -state PES ͑or Ã -state PES͒. The Jahn-Teller distortion vector is designated by d. The parameter T is the total linear Jahn-Teller stabilization energy, while JT min is the distance from X 0 to X min .
Ã electronic states of C 7 H 7 . For the calculation of the normal modes and harmonic vibrational frequencies ͑ e,i ͒ of C 7 H 7 at X 0 , the following procedure was followed. Geometry optimization was performed at the RHF/ 6-31G ** and MP2/DZP levels of theory using ACESII ͑Ref. 19͒ and at the B3LYP/ 6-31G ** level with the GAUSSIAN 98 program package 20 for the X 1 A 1 Ј state of the tropylium cation, C 7 H 7 + , since its PES has a minimum at X 0 while the PESs of the neutral states have a conical intersection at X 0 . The hypothesis is that the force constants at the symmetrical-structure geometries of the X -and Ã -state PESs of the neutral species should be similar to the corresponding ones calculated for the cation. 2 In principle, the normal coordinates and harmonic vibrational frequencies at X 0 in the electronically degenerate X and Ã states of tropyl could be obtained from calculations of the average of the respective two Jahn-Tellersplit PESs. However, this is not possible with the program packages used in this study. The ground-state frequencies of C 7 H 7 + reported in this work are unscaled. Several different basis sets were used for the RHF, MP2, and B3LYP calculations to test the basis set dependence of the normal coordinates and harmonic vibrational frequencies.
The X 2 E 2 Љ-and Ã 2 E 3 Љ-state vibrational frequencies of C 7 H 7 at X min were determined at the CASSCF͑7,7͒ / 6-31G * level of theory. The X -state vibrational frequencies of tropyl at both X 0 and X min were also computed at the B3LYP/ 6-31G ** level of theory. The equation-of-motion electron affinity coupled cluster with singles and doubles ͑EOMEA-CCSD͒ and the complete active space self-consistent field ͑CASSCF͒ methods as implemented in ACESII and in GAUSSIAN 98, respectively, were employed for the calculation of the Jahn-Teller distortion vector d ͑see Sec. II C͒ using various basis sets. These methods were also used for the geometry optimization of the tropyl radical and the calculation of the energies at X 0 and X min in its X and Ã electronic states. For the CASSCF approach, we chose the 6-31G * basis set and an active space which included the seven electrons in the seven orbitals ͓CASSCF͑7,7͒ / 6-31G * ͔. For the EOMEA-CCSD method, we used the basis sets DZP and TZ2P. The Jahn-Teller stabilization energies were then determined as the difference between the conical intersection and the geometrically optimized global minima of the Ã -and X -state PES ͑CASSCF and EOMEA-CCSD͒. We also performed some calculations to test the effect the choice of basis set has on the PES. In general, the Jahn-Teller parameters were not greatly affected by the basis set.
While the equation-of-motion ionization potential coupled cluster with singles and doubles ͑EOMIP-CCSD͒ approach has been used successfully for electronic-state and transition-energy calculations of radicals that are "deduced" from a closed-shell cation plus an electron, it is not our preferred method of choice here, since for EOMIP calculations the reference would be the tropylium anion, which is not a closed shell but a biradical species. In the present case, the closed-shell cation can alternatively be used as reference system in an EOMEA calculation. This is the first time that the EOMEA methodology is applied for electronic-structure calculations of radicals.
Section II C details the approach that we follow to calculate the linear Jahn-Teller stabilization energies, i , along each linearly Jahn-Teller active normal mode in the X 2 E 2 Љ and Ã 2 E 3 Љ electronic states of C 7 H 7 . The sum of these energies is defined as T and is schematically depicted in Fig. 2 . With the distortion-vector components known from EOMEA-CCSD and CASSCF calculations, we use the model potential of the X and Ã electronic states to calculate the Jahn-Teller stabilization energies i for the corresponding linearly Jahn-Teller active normal modes in each state.
B. The spectroscopic model of the Jahn-Teller PES
It is convenient to work in the 3N-6 normal coordinate system, Q i , of the undistorted symmetric configuration of C 7 H 7 when we describe its motion in the X 2 E 2 Љ and Ã 2 E 3 Љ electronic states. The linear Jahn-Teller effect is realized along the two orthogonal vectors, Q a and Q b , which span molecular distortion with different symmetries in the X and Ã states. In each case they may be expressed as ͑different͒ linear combinations of the normal coordinates Q i as they constitute a subspace of the normal coordinate space. The general Hamiltonian for our system is
where Ĥ T is the nuclear kinetic energy operator, Ĥ e is the electronic Hamiltonian, and Ĥ SO is the spin-orbit coupling Hamiltonian. Based on experience with the cyclopentadienyl radical 4,5 and the benzene cation 6 the spin-orbit coupling is expected to be effectively quenched in the X and Ã states of C 7 H 7 , therefore Ĥ SO may be omitted here. In Refs. 4 and 5 we showed that the PESs, V Ϯ , of a Jahn-Teller active, doubly degenerate electronic state may be represented in terms of matrix elements of the electronic Hamiltonian Ĥ e , i.e.,
where ͗⌳ + ͉Ĥ e ͉⌳ + ͘ = ͗⌳ − ͉Ĥ e ͉⌳ − ͘ and ⌳ Ϯ are complex wave functions related to the real electronic wave functions ⌳ a and
The diagonal and off-diagonal terms of Eq. ͑3͒, considering only terms up to second order in the normal coordinates Q i , may be written in a power series expansion,
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where p and s are the numbers of linear and quadratic JahnTeller active vibrational modes, respectively, and l designates the number of doubly degenerate vibrational modes that couple with nondegenerate modes. Note that the numbers p, s and l are different for the X 2 E 2 Љ and Ã 2 E 3 Љ electronic states of tropyl. We have separated the summations over nondegenerate and doubly degenerate normal coordinates, with the latter ones having their components labeled by ϩ and Ϫ. The definitions of the parameters involved in the X -and Ã -state spectroscopic potential of C 7 H 7 are summarized in Table I . These parameters are the harmonic force constants of the linearly Jahn-Teller active modes and of all other vibrational modes represented, respectively, by i and i Ј, the linear Jahn-Teller coupling coefficients k i , the quadratic Jahn-Teller coupling coefficients between the same degenerate coordinate, g ii , the quadratic Jahn-Teller coupling coefficients between different degenerate coordinates, called the cross-quadratic coupling coefficients, 21 g ij , and the quadratic coupling coefficients between a degenerate coordinate and a nondegenerate coordinate, called the bilinear coupling coefficients, 22 b ij .
In Ref.
18, a general relationship between the symmetries of the electronic state ͑E s e ͒ and the vibrational mode ͑e s v ͒ was derived to determine which of the linear and quadratic Jahn-Teller coupling terms of Eq. ͑5͒ do not vanish by symmetry. We can follow the logic of Ref. 18 to generalize the results for the remaining two terms of Eq. ͑5͒ as for higher order terms in the expansion. For a symmetry group with a principal n-fold axis, we find that the quantity S n ,
must be an integer ͑including 0͒ multiple of n, for the term to not vanish. For a given potential term, the sum is over the vibration modes involved and all combinations of the ͑Ϯ͒ signs must be examined to rule out a term. ͑For a nondegenerate mode s v =0.͒ If the molecule has an additional symmetry plane as does C 7 H 7 , then the overall term must transform ͑symmetrically͒ as a ⌫Ј rather than ⌫Љ irreducible representation. 23 By applying these rules to the X Fig. 1 for either the X or Ã electronic states will, as expected, 6, 24, 25 have the same energy around its circumference.
In the expansion of the potential, only the linear JahnTeller terms, k i , will be considered for the X 2 E 2 Љ and Ã 2 E 3 Љ electronic states of tropyl, i.e., those due to the e 3 Ј and e 1 Ј vibrational modes, respectively. The quadratic Jahn-Teller terms, g ii , are expected to be non-negligible in the potentials of the X and Ã states of tropyl. Their only effect, however, is to flatten the lower sheet and compress the upper sheet of the PES seen along the normal coordinates e 2 Ј and e 2 Љ of the X state, and along the coordinates e 3 Ј and e 3 Љ of the Ã state. The quadratic Jahn-Teller term does not resolve the degeneracy of the symmetric PES point, but the linear Jahn-Teller term does. The latter term moves the lowest-energy point from the symmetric-configuration PES point ͑D 7h symmetry͒ to a lower-energy one ͑C 2v symmetry͒. Hence, it is the linear Jahn-Teller terms of the potentials of the X 2 E 2 Љ and Ã 2 E 3 Љ electronic states of tropyl that are expected to have the largest impact on the spectroscopy. The remaining nonzero terms, the cross-quadratic terms g ij and the bilinear terms b ij , will be neglected. They have been shown by Köppel et al. 26 to have little effect on the vibronic spectrum of CH 3 O. We have had success analyzing the spectrum of C 5 ͑H / D͒ 5 ͑Refs.
4 and 5͒ using this approach. Additionally the experimental results for the closely related molecules C 6 F 6 + , 27, 28 C 6 ͑H / D͒ 6 + , 6 and C 6 H 3 F 3 + ͑Refs. 27 and 28͒, have been successfully analyzed without invoking these terms.
The topography of the PES is quite dependent on the symmetry of the normal coordinate along which one views the surface. The entire PES is approximated by the equation
where p is the number of linear Jahn-Teller active modes of the X or Ã states of tropyl and
. ͑9͒
Equations ͑8͒ 
where M i corresponds to the reduced mass of the i th vibrational mode of the tropyl radical. By taking the derivative of Eq. ͑8͒ ͑which is independent of the moat angle i ͒ with respect to i and setting it to zero, we derive the following equations:
where i min corresponds to the distance from the D 7h PES point to the distorted potential energy minimum along the linearly Jahn-Teller active normal coordinates Q Ϯ,i , and i min refers to the magnitude of the linear Jahn-Teller stabilization energy due to Jahn-Teller distortion along Q i,Ϯ , measured with reference to X 0 which is taken as zero. The total linear Jahn-Teller stabilization energy for the X -or Ã -state PES is given, within our approximation, by
͑14͒
C. Relationship of the spectroscopic model and theoretical results
The fundamental relationship between the molecular parameters of the spectroscopic analysis and theoretical results has been given in the past. 4, 6 In this section, we recall our previous general methodology and apply it specifically to the tropyl radical. We refer the reader to Fig. 2 which illustrates the cross section through the conical intersection ͑with geometry X 0 ͒ and the global minimum ͑with geometry X min ͒ of the Jahn-Teller distorted PES of the X
The vector Q i defined along one of the normal coordinates, i, may be expressed,
While the direction of Q i ͑its length determined by Q i ͒ is given by the unit vector u Q i , the directions of the atomic Cartesian displacements ͑x 1 , y 1 , z 1 , x 2 , y 2 , z 2 , ... ,x 3N , y 3N , z 3N ͒ are given by the unit vectors u q␣ . Note that in the above equations l, with elements l ␣i , represents a 3N ϫ 3N unitary normalized transformation matrix. It diagonalizes the massweighted force constant matrix expressed in the atomic Cartesian coordinate system. In our approach, the force constant matrix is computed at the RHF/ 6 -31G ** , MP2/DZP, or B3LYP/ 6 -31G ** levels of theory at the minimum energy of X 1 A 1 Ј of C 7 H 7 + . Such calculations provide a good approximation to the unperturbed harmonic frequencies e,i and the corresponding normal coordinates of C 7 H 7 in its X 2 E 2 Љ and Ã 2 E 3 Љ states. Based on Eqs. ͑15͒ and ͑16͒, the unit vector u Q i may be expressed as
Note that the unit vector u Q i is normalized, hence it holds that u Q i · u Q i =1. The distortion vector d is obtained as the vector difference between the vectors pointing from the origin at the center of mass to the symmetric-structure geometry at the conical intersection ͑X 0 ͒ and the global-energy-minimum geometry ͑X min ͒ as determined by the CASSCF and EOMEA-CCSD calculations, i.e.,
where X 0 and X min are vectors expressed in the atomic Cartesian coordinate system. We choose to work in a massweighted coordinate system; we define the mass-weighted distortion vector d m by
and the d ␣ 's are determined by Eq. ͑18͒. Since d m lies in the space spanned by the p doubly degenerate linearly JahnTeller active normal coordinates of the X or Ã states of tropyl, we can write
where
and u Q i,a/b are the unit vectors given by Eq. ͑17͒ for the a and b degenerate components of mode i. By summing the squares of Eqs. ͑21͒ and ͑22͒, we obtain
͑23͒
We calculate the dot products of Eq. ͑23͒ expressed in the atomic Cartesian coordinate system, based on our computed values of the parameters u Q i,a/b and d, and determine i min via Eq. ͑23͒. If we rearrange Eq. ͑12͒ for i min and solve for D i , we have
where everything on the right side of Eq. ͑24͒ is known from the ab initio calculations ͑see Sec. II A͒. We can compute the total, and individual mode, linear Jahn-Teller stabilization energies by using Eqs. ͑13͒ and ͑14͒.
III. RESULTS AND DISCUSSION
A. Geometries and vibrational frequencies of tropyl at X 0 and X min of its X -and Ã -state PES
The optimized structural parameters of the tropyl radical at X 0 and X min of its X 2 E 2 Љ-and Ã 2 E 3 Љ-state PESs are summarized in Tables III-V. The results given in Tables III and  IV were obtained at the EOMEA-CCSD/DZP and EOMEA-CCSD/TZ2P levels of theory, respectively. The same structural parameters determined at the CASSCF͑7,7͒ / 6-31G * level of theory are presented in Table V. In Tables III-V, only the unique bond lengths and angles are explicitly enumerated. These are constructed based on the following. The C-C and C-H bond lengths and CCC and HCC bond angles follow a standard numbering notation. Carbon 1 ͑see associated figures located at the uppermost left corner of Tables  III-V͒ is As there has been no previous experimental information about the C-C and C-H bond lengths and CCC and HCC angles, we will consider the EOMEA-CCSD/TZ2P results as benchmarks in this work. However, as can be seen from Tables III-V, there seems to be a good agreement among the various results for the X and Ã states. The calculation of the geometries at X 0 and X min is not greatly sensitive to the size of the basis set. Notice the difference of 0.026 Å in the C-C bond lengths between the X good agreement between the EOMEA-CCSD total JahnTeller stabilization energies T and the experimentally determined ones for the X -and Ã -state PESs of the tropyl radical. However, the X -state CASSCF T is significantly overestimated by the CASSCF T calculation. This has been noticed before in C 5 H 5 and C 6 H 6 + studies. 4, 6 The unscaled harmonic vibrational frequencies of C 7 H 7 + in its X 1 A 1 Ј electronic state calculated at the RHF/ 6-31G ** , MP2/DZP, and B3LYP/ 6-31G ** levels of theory are given in the third, fourth, and fifth columns of Teller-split electronic components of C 7 H 7 . The 10th and 11th columns present the B3LYP/ 6-31G ** vibrational frequencies of tropyl at X min for its X -state Jahn-Teller distorted PES, while the ones given in the 12th and 13th columns were computed based on CASSCF͑7,7͒ / 6-31G * calculations. The last two columns refer to the vibrational frequencies of C 7 H 7 calculated at the global-minimum geometry of its Ã -state Jahn-Teller distorted PES and at the CASSCF͑7,7͒ / 6-31G * level of theory. The seventh column gives the symmetries of the vibrations in the C 2v point group.
A couple of comments are in order. Overall, the B3LYP/ 6-31G ** harmonic vibrational frequencies of the tropyl radical of its X 2 E 2 Љ-state Jahn-Teller-split PESs at X min resemble the corresponding ones at X 0 , which in turn are consistent with the B3LYP/ 6-31G ** vibrational frequencies of the optimized structure of C 7 H 7 + in its X 1 A 1 Ј electronic state. ͑See Table VII .͒ The CASSCF͑7,7͒ / 6-31G * harmonic vibrational frequencies of the Jahn-Teller-split PESs of the X 2 E 2 Љ electronic state of the tropyl radical at X min are consistent within a scaling factor with the corresponding ones calculated with B3LYP/ 6-31G ** . The CASSCF͑7,7͒ / 6-31G * harmonic vibrational frequencies of the Jahn-Teller-split PESs of the Ã 2 E 3 Љ electronic state of the tropyl radical at X min also resemble, overall, the RHF/ 6-31G ** vibrational frequencies of the optimized structure of C 7 H 7 + in its X 
components of the C 7 H 7 degenerate and quadratically JahnTeller active vibrations are equal at zeroth order, but the degeneracies of these modes will be lifted and the frequencies of their components will split at second order. These frequency splittings provide information about the magnitude of the quadratic Jahn-Teller coupling constants of the degenerate vibrational modes. We would expect for the frequency ͑and normal mode͒ of one of the two components of a degenerate and quadratically Jahn-Teller active vibrational mode on one of the two Jahn-Teller-split ͑X -or Ã -state͒ PESs to be the same as the frequency ͑and normal mode͒ of the other component of the degenerate vibration on the other Jahn-Teller-split PES of the tropyl radical. The vibrational frequencies of the two component modes are different for the same electronic state. 29 We can now derive the following for the tropyl radical. The imaginary frequency for this mode probably indicate a slight maximum in the calculated potential at the planar configuration. For so large a ring some "puckering" could be expected and the smallness of the frequency indicates that the "hump" is small. It is likely less than the zero-point energy along this mode and has no consequence for the rest of the analysis. 16 , 17 , and 18 . The Jahn-Teller distortion of the Ã -state PES is caused almost exclusively due to the linear Jahn-Teller active vibrations 6 and 7 . The e 3 Ј vibrational mode 15 of the X state and the e 1 Ј mode 5 of the Ã state correspond to high frequency C-H stretching vibrations with almost zero D i 's, hence no spectral contribution due to the Jahn-Teller effect is expected for these linear JahnTeller active vibrational modes. As Tables III-V show, in agreement also with previous observations, 2, 4, 6 it is the C-C bond-length alternations ͑and not the C-H bond-length changes͒ that mostly manifest the Jahn-Teller activity.
The results in the third and fourth columns of Tables  VIII and IX were obtained by EOMEA-CCSD calculations, The differences in T and the sum of i is the round-off error in i . 6 compares quite closely with the experimental one, and D 7 agrees reasonably well. While the involved normal modes reveal strong mixing of the C-C-C and C-C-H bend motions in the X state of the tropyl radical, the extent of this interaction is not explicitly described by the RHF calculations. As the evaluation of the Jahn-Teller coupling parameters is very sensitive to the quality of the normal coordinates, further improvement in their description is expected once the electron-correlation effects are included in the calculations. 4 This was not attempted in this work. While the
